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The physical and chemical characterization of mill scale is attempted in the current work and the literature available on the same is 
compiled as a part of systematic experimental investigations on the feasibility studies of mill scale as partial replacement of fine 
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aggregates in concrete. The specific gravity of mill scale is high and can aid in achieving dense concrete. The elemental 


characterization by inductively coupled plasma of mill scale indicates the presence of ample iron content, while X-ray diffractometer 
studies confirm these results. It could be concluded from the preliminary results that fine aggregates can be potentially replaced by 
mill scale, thereby providing a sustainable solution to the ever-increasing quantities of mill scale. 
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1. INTRODUCTION 


Mill scale is a bluish black flaky material composed mainly of iron oxides and is formed on the outer surface of steel during hot 


rolling process. These scales are usually less than a millimeter thick. It acts as a protective coating to steel from atmospheric 
corrosion as it is cathodic to steel unless it is cracked. But the presence of mill scale proves detrimental to steel, because it can peel 
off easily. Nearly 35-40Kg of mill scale is produced for every ton of hot rolled steel [1]. Mill scale is reported to be used as raw 
material in sintering plants [2] and as briquette in steelmaking. [3- 5]. Apart from these scarce uses, most of the mill scale is dumped 
in landfills, which pose grave environmental hazard due to leaching of heavy metals in soil. 

Currently, dramatic emphasis is laid on the utilization of agricultural and industrial wastes in construction industry. In this regard, 
researchers across the globe are actively participating to provide alternates to the natural resources like aggregates and sand in 
concrete construction and a significant amount of literature could be found in this regard. [6-11]. Although application of such 
industrial and agricultural waste in concrete may not be the best way to label a construction as sustainable, these methods provide 
some respite to the exploitation of natural aggregates. The current investigation provides preliminary insight to the feasibility 
studies of application of mill scale in the purview of potential replacement of fine aggregates. The experimental investigation 
involves study of physical, chemical and micro-structural characterization of mill scale. This provides the step one for its feasibility 
study in concrete industry. Before getting into the experimental results, a brief overview of the current research scenario is presented 
in the forthcoming section. 


2. LITERATURE REVIEW 


The morphological characterization of mill scale and its gaseous reduction by thermogravimetry was studied by Bagatini et. al. [12] 
for potential application of mill scale in self-reducing briquettes. The scanning electron micrographs indicated that porous iron was 
present in samples that were reduced at a temperature of 1100 °C and 1200°C. Benchiheub et. al. [13] also studied the reduction 
behavior of mill scale at a temperature range of 750 °C -1050 °C and concluded that maximum iron content of 98.04% was obtained 
by reduction of mill scale at 1050 °C for 180 minutes and that the iron obtained by the reduction process was suitable for powder 
metallurgy. There are a significant number of research works which elaborate the findings as discussed above and deal with the 
reduction kinetics of mill scale for potential application in powder metallurgy or briquettes [14-17]. 

Only a few works could be found in literature which described the application of mill scale in the construction industry. Murthy 
[18] studied the stabilization of black cotton soil with varying percentages of mill scale. The results were found to be promising in 
terms of strength characteristics. Singhal et. al. [19]studied the partial replacements of fine aggregate by mill scale and reported 
maximum tensile strength at 60% replacement for M35 grade concrete. However, the compressive strength results provided 
maximum values at 60% and 100% replacement. It was reported that the partial replacement of fine aggregate by mill scale resulted 
in increased water demand. 

From the above discussion, it could be inferred that a systematic approach for understanding the structural behavior of concrete 
containing mill scale is required. Hence, the primary objective of the current research is the characterization of mill scale with the 
motive to study the effects on concrete performance. 


3. RESULTS & DISCUSSION 


The physical and chemical characterization of mill scale was carried out in order to study the various properties for its potential 
application in concrete technology. The characterization was hence done to study the feasibility of this industrial waste in concrete. 
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Physical Characterization: The physical properties of mill scale are presented in Table 1. It is seen that the specific gravity of mill 
scale is 4.96, which is nearly two times that of sand (typical values being ~ 2.65). This means that if mill scale is used as partial 
replacement of fine aggregates in concrete it would result in denser concrete and hence can be used in high density concreting. 
Further, the material has negligible water absorption. This also makes it a suitable material for concreting. The particle size 
distribution of mill scale is shown in Fig.1. It could be inferred that a majority (nearly 90%) of particles of mill scale lie below 1mm 
particle size. This particle size distribution will further ensure a denser packing arrangement of fine aggregates, thereby contributing 
to improved density of the resulting concrete. 


Table 1 
Physical properties of mill scale. 
S.No. | Physical Property Value 
1 Color Bluish black 
2 Specific gravity 4.96 
3 Water absorption < 0.5% 
4 Magnetic properties Present 
5 Texture - 
6 Plasticity Nil 
7 Permeability Moderate 
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Figure 1 
Particle size distribution of mill scale. 


Chemical Characterization: The chemical analysis of mill scale was carried out by different methods. The initial analysis was 
carried out by volumetric methods. The results thus obtained were further ascertained by inductively coupled plasma and X-ray 
differactometer. The results of volumetric methods are presented in Table 2. It is evident that the primary content of mill scale is 
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Fe203 and Alz03 followed by SiOz. The loss on ignition test was performed in conformance to IS: 1727-1967. For this test, 


approximately 1.00gm of air-dried, finely ground sample was placed in a platinum crucible which in turn was placed in muffle 
furnace for considerable time and the masses before and after were measured accurately upto two decimal places. The value of 
5.81% indicates that less amount of un-burnt deleterious particles are present. It is also interesting to note that considerable 
amounts of Fe203, Al203 and SiOz are present. All these compounds provide significant strength characteristics to cement. 


Table 2 
Chemical Analysis Of Mill Scale 
S.No. Particulars Percentage 
content 
1 Loss in Ignition 5.81 
2 SiO2 8.35 
3 R203 (AlzO3 + Fe2Os) 81.18 
4 Others 4.66 


The elemental characterization of mill scale was carried out by Ultima 2 Inductively Coupled Plasma-optical emission 
spectrometer (ICP-OES). The results of the same are shown in Table 3. Since, the ICP cannot estimate the quantity of oxygen present, 
the sum total of the mass percentage of all the elements is not 100%. Nevertheless, this chemical analysis provides us with a clearer 
picture of the constituents of mill scale. The results of ICP compared with those of the volumetric methods show similar trends in 
chemical identification. 


Table 3 

Elemental characterization of mill scale using ICP-OES 

Element Fe Al Si Mn Cr Ni 
Mass (%) 70 2 3.3 0.78 0.43 0.05 


The results were further verified by XRD measurements using Bruker D8 Advance X-ray diffractometer using powder technique. 
The X-rays were produced using a sealed tube and the wavelength of x-ray was 0.154nm Cu Ka radiation at 45kV and 40mA. The x- 
rays were detected using a fast counting detector based on Silicon strip technology (Bruker LynxEye detector). The XRD spectrum 
was acquired from 10° to 90° angle 26 with a step size of 0.02°. The experimental X-ray pattern of mill scale is shown in Fig. 2. The 
phase identification is done using X'pert HighScore Plus Rietveld Analysis software in combination with Pearson’s crystal structure 
Database. Since no significant peaks were observed after 62°, the results are shown only for this region. The results of XRD analysis 
consisting of various phases present along with the reliability factors as obtained by Rietveld analysis are tabulated in Table 4. 


Table 4 
Phases identified in Mill Scale by XRD and Reliability factors. 
Phase name Phase Reliability Factors 
composition 
Re Puig s 
Hematite Fe203 
Magnetite Fe304 17.156 1.604 
Wustite FeO 
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Figure 2 
XRD Pattern of Mill Scale 


5. CONCLUSION 
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From the above results, it could be inferred that mill scales are fine particles of size less than 1mm having high specific gravity. This 


implies that when incorporated in concrete as fine aggregate, mill scale will lead to denser concrete. Further, iron, alumina and silica 


are essential ingredients in cement and aid in the formation of C2S, C3S, C4AF and C3A, which in turn provide strength characteristics 


to concrete. Hence, the partial replacement of fine aggregate by mill scale in concrete can be attempted. 
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